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A Metal-Catalyzed Rearrangement of Alkene-Alkynes

and the Stereochemistry of Metallacyclobutene Ring Opening

*
Thomas J. Katz and- Timothy M. Sivavec

Department of Chemistry

Columbia University

New York, New York 10027

Abstract. A new molecular rearrangement is described that demonstrates
how alkyl-metal-carbenes are generated when metal derivatives (here
stabilized carbene-tungsten carbonyls) combine with acetylénes and olefins
and shows that tungsten~-carbenes not stabilized by heteroatoms insert into
acetylenes. It reveals that this insertion can be remarkably stereo-
selective.

With catalytic amounts of carben;—tungsten carbonyls, biphenyls
substituted at the 2 and 2' positions by vinyl and acetylene groups yield
isomeric 9-vinylphenanthrenes. With stoichiometric amounts, they yield
9-vinylphenanthrenes whose structures contain the carbene moiety of the

metal~-carbene.
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We are reporting a new molecular rearrangement, outlined in general form
as equation | and illustrated by a specific example in equation 2, a hybrid
of the metal-catalyzed acetylene polymerization1 and olefin metathesis2
reactions. It demonstrates how alkyl-metal-carbenes are‘generated when
metal derivatives (here stabilized carbene-tungsten carbonyls)3 combine with

14,4,5

acetylenes and olefins, and it shows that tungsten-carbenes not

stabilized by heteroatoms insert into acetylenes, the essential postulate
underlying the proposition that the acetylene polymerization is an olefin

1b-d,4,5

metathesis. It reveals that this insertion can be remarkably

stereoselective in the sense indicated in equation 3.6

J ———-m (1)

Q.01 mol

CeHs
O . SCmW(COl
CsCH CH30

CH= CHCH3 CgHsCH3y (2)
O 75°C,18h
Ar H Ar H
r_‘ Ar—mm—~H — € (1)
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The rearrangement is presumed to follow the pathways in Scheme I after

11

an initiation involving similar steps, summarized as equation 4. Table I

Scheme 1

records the yields obtained (and where relevant the stereochemistries) with

various molecules _121’29

and initiators E: That equation 4 does accurately
depict the initiation, and consequently that Scheme I probably does indicate

how the reaction works, is demonstrated by the experiments summarized in

Rll R
+ C=wW(CO)g —— S c=w(co),
X~ R’
(%)
1 2 3

j Table II, which show that examples of molecules | combine with stoichio-
. metric amounts of metal-carbenes 2 to give the products J of equation 4,
)
k.
f:
f
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The experiments define for the first time what the stereochemistry is of
the pericyclic transformation of a metallacyclobutene to a metallabutadiene
when there atre no stabilizing heCeroaCOms.6 This stereochemistry should be
embodied in the structures of acetylene polymers formed by metathesis
reactions, but except for that of polyacetylene 1:se1f,38 whose formation
may not involve the steps in equation 3,39 the structures of these polymers

40 The high stereoselectivity recorded in

have not been positively defined.
Table I [95 %Z at 50 °C when the initiator is pentacarbonyl(diphenyl-
methylene)tungsten] implies that when the cyclobutene in equation 3 opens,
the methyl prefers to rotate toward the metal. Possibly its C-H is

44
attracted to the coordinatively unsaturated center.’
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Table I. Yields and Stereochemistries of 9-Vinylphenanthrenes Obtained
According to Equation 1 from Enynes ;Fl and Catalytic Amounts of Metal-

Carbenes 2 in which R" = C_H 2

65

Py X yield product
R R' in 2 (Z)h' % cisS
H H OCH3 31
H H C6H5 18

d
CH3(H) H(CH3) OCH3 26 78
CH3(H) H(CHB) C6H5 19 95
CH3 CH3 OCH3 24
CH3 CH3 C6H5 24

éEnynes;, (1 equiv) and n-nonane (0.5 - 1.0 equiv, internal standard
for GLC analysis) were diluted ‘to 0.10 M with toluene, added to metal-
carbenes 2 (0.0l equiv), degassed, and sealed in a vacuum. When X was
OCH.,, reactions were run for 18 h at 75 °C, and when C _H., for 16 h at

3 65’

. 50 °C. The products weré identified by comparing GLC retention times

(30 m x 0.316 mm capillary column coated with 0.25 pm Carbowax 20 M) and

lH NMR spectra with those of authentic samples (see note 22). thelds
were determined by GLC. SStereochemistries were analyzed by lH R
[CH3 resonances in 9-(l-propenyl)phenanthrene (see note 22) in CDC13:
cis, § 1.83 (dd, 7.0 and 1.8 Hz); trans, & 2.04 (dd, 6.6 and 1.7 Hz)].

d1nitially 56 % cis.
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Table II. Yields of 9-Vinylphenanthrenes 3 from Reactions of Molecules Ll

with Stoichiometric Amounts of Metal-Carbenes 2 (Equation 4).2

Py 2 yield
R R' R" X 2
H H C,H, ocH, 50
H H CH, OCH, 42 |
H H CH, CeHs ’1
ca, (1)< H(CH,) C4Hs ocH, 41
CH., () H(CH,) cH, ocH, 40
CH, (H) H(CH,) CyHs CH 40

- éDegassed 0.05 M solutions of )1 (1 equiv) and metal-carbenes 2
(1 equiv) in toluene were heated in an evacuated ampoule. When X was

CGHS’ reactions were run at 50 °C for 16 h, and when OCH,, at 75 °C for

3
24 h, except that for the next-to-last entry the time was 18 h. Evapo-

ration of solvent and chromatography on Florisil with pentane-methylene .

chloride gave 3 when R" = X = C_H_, and the ketones 9-phenanthryl-CH, COR"
= 5

6 2
corresponding to enol ethers 3 when R" = C6H5 or CH3 and X = OCH3 (see
note 30). Products were identified by comparing lH NMR spectra with those
of authentic samples (see note 32). E-Yields of isolated products.

EInitially 56 % cis.
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